Abstract. This paper is mainly about using the length changes of the shadows to determine the location while the length of the object is unknown. Using the solar elevation as a bridge, we build function models between solar declination, geographic latitude of the observing place, hour angle and the length of shadow, and then use Stephenson accelerate iterative method to help solve latitude positioning model, finally realize the shadow positioning.
The length changing of shadows is affected by solar elevation and the height of the object. Solar elevation is related to solar declination, geographic latitude of the observing place and hour angle, so we can make a function model to analysis the changing rules of the length of shadow associated to all the parameters, and then use the rule to determine the position of the shadow.
Assuming that the object is a fixed straight-bar, and according to the literature [1] , we know that the solar elevation h is the angle between the straight line where the shadow is and the line which connect the shadow vertex and straight-bar vertex. Its formula is: sin h= sin φ sin δ+ cos φ cos δ cos t (1) Among them, ߮ represent geographic latitude of the observing place, ߜ represent solar declination, ‫ݐ‬ represent hour angle. Then we set the length of shadow as ‫,ݏ‬ the height of straight-bar as ݈, on the basis of trigonometric function, we can get :
Through above analysis, s is associate with the height of straight-bar l, geographic latitude of the observing place φ, solar declination δ and hour angle t, so we use Jinshan District in Shanghai as an example to analysis what the relation is between the length and the factors.
(1) The relationship between the height of straight-bar l and the length of shadow s Geographic latitude of the observing place φ is 30°54′00″N; solar declination δ=4.7670°; hour angle t =0(we take time as 12:00); the height of straight-bar l∈[0.5,5]; we can get: The height of straight-bar l=2m; geographic latitude of the observing place φ is 30°54′00″N; solar declination δ=4.7670°; hour angle t∈[-45°, 45°]; we can get:
Use MATLAB to make the relationship between s and t, as it shows in Figure 4 . We can conclude from above figures: the length of shadow is in direct proportion to height of straight-bar; it grows faster as the increase of the latitude, and its growth rate increases gradually with increasing latitude; it decrease as the increase of latitude; it grows longer as the increase of absolute value of hour angle.
Use the Rule of Shadow Changes to Determine the Location of the Observing Place
On the basis of the data of length of shadow of a fixed straight-bar(the bar's height is unknown), we build a mathematical model to determine the position.
To Determine the Longitude
According to geographic knowledge, when the length of shadow is the shortest , the local time is 12:00, and there is about one hour different local time for every 15 degrees of longitude. The central longitude of UTC/GMT+08:00 is 120°E. we set the time of UTC/GMT+08:00 (It is Beijing time)as t m , ∆t m =12-t m when the length of shadow is the shortest; we set the difference between local time and Beijing time as ∆t m , ∆t m =12-t m ; we set the local center longitude is P.
So, the longitude positioning model is:
and ൝ if ∆t m >0, the region is located in the east of 120°E if ∆t m =0, the region is located in 120°E if ∆t m <0, the region is located in the west of 120°E (8)
To Determine the Latitude
For the determination of latitude, we establish nonlinear equations and use Stephenson accelerate iterative method to solve, finally we use MATLAB to plot to test the result. At first, we know that the three factor latitude φ, solar declination δ, hour angle t are the three dependent variables of solar elevation angle according to formula (1), then we can work out solar declination δ, hour angle t according to the data and time that we measure length of shadow. We set solar elevation angle h 1 (φ) is the function of Moment 1 in a location, solar elevation angle h 2 (φ) is the function of Moment 2.
So, the latitude positioning model is:
Among them, s 1 is the length of shadow at Moment 1, s 2 is the length of shadow at Moment 2.
The Application of Longitude and Latitude Positioning Model The Application of Longitude Positioning Model
The shadow's length data of a fixed straight-bar in a certain place are as Table 1 . The Figure 2-1 shows the curve of function, in which the lowest point of the curve is (-41.03, 0.4956), which is also the moment point while the shadow's length is shortest. Now we use t m to represent the moment while the shadow's length is shortest, the calculation of t m is 12:41.
Though the longitude positioning model, we get: P=110°E . So the longitude of the site is 110°E. Attention: in Figure5, x coordinates each unit length on behalf of 3 minutes. The known data starts from the point (1,1.1496), which represents the shadow length at 14:42( Beijing time). And the lowest point (-41.03,0.4956)represents the moment while the shadow length is shortest, which is 12:41(Beijing time).We can see that the curve fitting effect is very good, so the result moment we get from the function is more accurate.
The Application of Latitude Positioning Model
From Then substitute the above data into latitude positioning model, and use MATLAB to solve the system of equations. Write the following code in the MATLAB command window: Clear all;x0=0.5;tol=0.5*1e-4; [x, time]= Stephenson ('tan(asin(0.1809*sin(x)+0.8517*cos(x)))-1.667*tan(asin(0.1809*sin(x)+0.6945*cos(x))), x0,tol);
Through changing the initial value x 0 ( x 0 ∈(-π/2,π/2) ) constantly, we get three value x , x 1 =-0.0347rad, x 2 =0.3486rad, the number of iterations is greater than 3; The number of iterations is greater than 3; x 3 =-1.1921rad , the number of iterations is greater than 2. The margin of error of the three value x are less than 1.0×10 -5 . Convert to latitude: x 1 =1.988°S, x 2 =19.974°N , x 3 =68.560°S.
The Inspection of the Latitude Positioning Model
Write the MATLAB program and draw the change curve, then we get Figure 6 . Attention: To make the showing results of the curve more obvious, we assume that the latitude φ∈[72°S,72°N] when draw the curve. From the function image, we can see that the latitude φ might be 18.53°N, 0.3803°S, 68.560°S.When compare the latitude result solved by Stephenson accelerated iteration method with the latitude intersections obtained by the function image, we can found that the differences between the two results are small, which also prove the model is reasonable. So we can draw the conclusion that the possible sites are (19.974°N,110°E ), (1.988°S, 110°E) , (68.560°S,110°E). In the ideal situation, there should be two latitudes being symmetrical around the declination. However, the earth is not a rule sphere but an irregular sphere whose poles are slightly flattened and the equator is bulging. Therefore, 19.974°N and 1.988°S are not strictly symmetrical around the declination 10°.
